11 This study investigated the optimization of accelerated solvent extraction (ASE) of 12 fatty acids (FAs) from three Coix seeds (small Coix seed, SCS; big Coix seed, BCS; 13 translucent Coix seed, TCS) by chemometrics methods. Partial least-squares 14 regression (PLSR) and backpropagation neural network (BPNN) were applied to build 15 models that reflect the relationship between content of FAs and extraction conditions 16 (temperature, time, and extraction solvent). Genetic algorithms (GAs) and particle 17 swarm optimization (PSO) were utilized to optimize the combination of extraction 18 conditions. The composition of FAs was analysed by gas chromatography-mass 19 spectrometry (GC-MS). The PLSR models could reflect the relationship of FA 20 content in both BCS and SCS and extraction conditions well, while the BPNN model 21 was more suitable for TCS. The optimal extraction conditions for BCS and SCS were 22 obtained by GAs, whereas those of TCS were obtained by PSO. The FA compositions 2 23 of the three Coix seeds exhibited differences. The results show that ASE combined 24 with chemometrics methods can rapidly and effectively obtain the optimal conditions 25 for the extraction of FAs from Coix seed and there are differences in the extraction 26 conditions and compositions of FAs among different varieties of Coix seed, but all the 27 extraction time is shorter than other extractions methods. 28
Introduction 30
Coix seed is the mature kernel of Coix lachryma-jobi L., a grain crop in the 31 Gramineae family, and has long been used as a traditional Chinese medicinal herb and 32 food source. Coix lachryma-jobi L. is widely distributed in China, Thailand, Burma, 33 Korea, Japan, and Brazil [1] . There are many reported pharmacological and 34 physiological effects of Coix seed, including anti-tumour [2] , anti-inflammatory [3] , 35 anti-allergic [4] , and immunoregulation [5] . These effects result from diverse 36 biologically active components in Coix seed [6, 7] , which mainly exist in Coix seed 37 oil [8] , such as coixenolide, coixol, and sterols. Coix seed oil is mainly composed of 38 the fatty acids (FAs), and the content of FAs can reflect the yield of the extracted oil 39 and the content of other active ingredients to a certain degree. Moreover, the kinds of 40 FAs have an important impact on the nutritive value of Coix seed oil. Due to its many 41 benefits, it is reasonable to pursue the optimization of the extraction conditions of Coix seed is dependent on the following factors: temperature, time, pressure, 46 extraction solvent, particle size, and solid-liquid ratio. Accelerated solvent extraction 47 (ASE), an extraction procedure using organic solvents at high temperatures (elevated 48 temperatures up to 200 °C) and pressures (up to 3000 psi) above the boiling point for 49 shorter time (low to several minutes), can increase target compound solubility, solvent 50 diffusion rate, and mass transfer. It can also decrease solvent viscosity and surface 51 tension, which has been shown to be equivalent to the standard EPA extraction 52 methodology (Method 3545) in terms of precision and recovery [12] . Furthermore, the 53 extraction process of ASE has the advantage that needs less solvent, is automated and 54 quick, and can retain the sample in an oxygen-and light-free environment [13] . 55 Currently, many studies have applied the ASE method to extract lipids and FAs from 56 cereal, egg yolk, fish, fish tissue, and chicken muscle [14] [15] [16] [17] .It has also been reported 57 that the FA composition was not affected by the extraction temperature of ASE [18] . 58 Our previous study has proven that the extraction yield of crude fat in Coix seed by 59 ASE is not lower than that of Soxhlet extraction or sonication-assisted supercritical 60 fluid extraction [11, 19] .However, the extraction process remains to be optimized 61 from the perspective of energy-saving, and there is limited information on how to 62 optimize the extraction conditions (temperature, time, and extraction solvent) of FAs 63 from Coix seed by ASE. Thus, a full factorial design (FFD) was applied to design the 64 experiment, chemometrics methods, partial least-squares regression (PLSR) and a 65 backpropagation neural network (BPNN), were used to build the relationship between 66 FAs and extraction conditions, and genetic algorithms (GA) and particle swarm 4 67 optimization (PSO) were utilized to optimize the extraction conditions. The PLSR, as 68 a chemometrics method and linear regression tool, is one of the most widely applied 69 multivariate statistical data analysis method [20] .The BPNN is a classical 70 domain-dependent technique for nonlinear system modelling. It is composed of an 71 input layer, hidden layer, and output layer, and works by measuring the output error, 72 calculating the gradient of this error, and adjusting the neural network weights (and 73 biases) in the descending gradient direction. That is, the BPNN is a gradient-descent 74 local search procedure that is expected to stagnate in local optima in complex 75 landscapes [21] .The GA and PSO are most popular optimization algorithms, and they 76 employ a population of individuals to solve the problem on hand [22] .It has been 77 reported that GA, which are parallel randomly search optimization algorithms, can be 78 successfully applied to identify global optimizations of multidimensional functions by 79 selecting, crossover, and mutation operations [23] .The PSO is a stochastic 80 evolutionary computation technique, inspired by the social behaviour of bird flocking 81 [24] .Similar to GA, the PSO system is initialized with a population of random 82 solutions and can search for optimum conditions by the updating of generations 83 [25] .The content of oils is significantly difference due to the region in which the crop 84 is grown as well as varietal diversity [19] .Therefore, it is necessary to study the FA acceleration factor, the range of is positive integer from 1 to n, the range of is 175 positive integer from 1 to D, the is random number value distributing () 176 between 1 and 2 [22, 30] .PSO is initialized with a group of random particles 9 177 (solutions) and then searches for optima by updating generations. The parameters of 178 PSO were a population size of 20, and 200 iterations [24, 30] .The data in the Table 4   179 were an average of triplicate observations and subjected to one-way analysis of The fitting data of the optimal PLSR and BPNN models were used as a fitness 220 function for GAs and PSO. The GAs and PSO searched for the optimal combination 11 221 in the range of extraction conditions. The evolution process and optimization results 222 of GAs and PSO are shown in Fig. 2 and Table 3 . It can be seen from Fig. 2 FAs contents were determined again at the optimal extraction conditions obtained 239 from the above chemometrics methods, and the results are displayed in Table 4 . It 240 could be seen from in modelling. Furthermore, the results have also proved that the optimal extraction 247 conditions are reasonable. The above results indicated that the extraction time of ASE 248 (not higher than 1h) was significantly lower than that of supercritical fluid extraction 249 (not lower than 2.5h) [8, 11] .The extraction efficiency of acetone for FAs in Coix seed 250 was higher than petroleum ether, and the FAs in the BCS were the most easily 251 extracted among the three types of Coix seed. The GAs and PSO were rapid and 252 effective extreme value searching algorithms, although the classical PSO needs to be 253 further improved. 254 FA comparison of the three types of Coix seed oil 255 The FA composition and content of the three categories of Coix seed oil are displayed 256 in Table 5 . It is seen from Table 5 that Table 5 , it could be seen that there were significant differences in the content of 266 palmitic acid, palmitoleic acid, stearic acid, oleic acid, eicosanoic acid, and 267 tetracosanoic acid among the three oils. Furthermore, the BCS showed a significant 
